
interprets the higher odds ratio of 3.24 for
women smoking 10 to 19 cigarettes per
day compared with nonsmokers (in the
National Institute ofChild Health [NICHD]
SIDS Cooperative Epidemiological Study
Control A group) to be significantly
greater than the odds ratio of 2.49 among
women smoking fewer than 10 cigarettes
per day, compared with nonsmokers.
Somehow Dr Golding missed seeing the
confidence intervals for these odds ratios
(in Table 1 of the paper), for, if she had,
she would have appreciated the consider-
able overlap of confidence intervals,
which suggests no significant dose-
response effect ofsmongfortheNICHD
SIDS Cooperative Study. Thus,we do not
find a discrepancy between our analysis
and our conclusions.

Dr Golding also assumes that because
data on smoking was gathered prior to the
sudden infant death syndrome event in the
Missouri population, it should be more
valid than the smoking information gath-
ered in theNICHD SIIDS Cooperative Ep-
idemiological Study (acase-control study).
As we state in the paper, we have no way
of knowing the direction that recall bias
would take across thevarious categories of
smokig if recall bias was present in the
NICHD SIIDS Cooperative Study. How-
ever, Drews and colleagues have investi-
gated the issue of recall bias on 25 study
variables (maternal and infant medical
data, but not including smoking) in the
NIC'HD study. They summarized their
study by stating that "case-control differ-
ences in recall accuracy did not appear to
create spurious associations with SIDS or
to bias most associations away from the
null value."2 Recently, Gibbons and co-
workers have examined the issue of recall
bias in sudden infant death syndrome stud-
ies in which prospective and retospective
responseswere obtained to an identical set
of questions (including smoking and num-
ber of igarettes smoked) asked of sudden
infant death syndrome and control moth-
ers.3 They found a hgh level of agreement
between case and control mothers formost
variables, including the smokingvariables.
Thus,we are notwliing to attnbute greater
validity to the data from the Missouri pop-
ulation over that of the NICHD SIDS Ep-
idemiological Study population. 0

M*whael H. Maloy, MD, MS
HowadJ. Hoffman, A4

Donald R. Peten, MD, MPH

Requests for reprints should be sent to Michael
H. Malcqy, MD, MS, Depatmentof Pediatrics,
University of Texas Medical Branch, Galves-
ton, TX 77550.0526.
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Chlorination or
Ozonation?

In their excellent meta-analysis of
water chlorination and cancer, Morris et
al.1 summarized the many problems en-
countered in assessing cumulative expo-
sure to an environmental risk factor. Their
description of the potentially harmil by-
products formed during chlorination was
succinct. The statistical analysis was well
handled, and the separate meta-analysis of
those studies that controlled for selected
confounders addressed appropriately the
problems of confounding.

Of course, confounding by factors
not considered in the original studies can-
not be adjusted for and should be ad-
dressed in future prospective studies of
this issue. For instance, the authors' con-
clusion that colon cancer is not associated
with chlorination is tentative because of
the nature ofthe studies available for their
meta-analysis. Nonetheless, they have
presented the best evidence for and
against the associations researchers have
found between chlorination and various
cancers. The dose-response curve for the
two cancer sites (bladder and rectal) sig-
nificantly related to chlorination, together
with (a) the consistent results from differ-
ent data combinations and (b) the power
estimates, is reassuring that this relation-
ship will hold in future studies.

Tests for mutagenic and carcinogenic
activity depend on many factors that are
not always accounted for in longitudinal
studies (e.g., tye of organic matter, point
at which oxidants are added, scale of
study, etc.).2 The situation becomes even
less certain when considering low-dose
exposures over many years (especially
when combinedwith low-dose chronic ex-
posures to other mutagenic chemicals
from water and food). Because it raises
serum cholesterol levels in animals,3 chlo
rination may have other detrimental ef-
fects besides cancer. Chemicals such as
the pesticide aldicarb are not removed by
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chlorination and may be associated with
inmunosuppression.4

Finally, the authors are correct in
calling for implementation of "disinfec-
tion strategies that are not associated with
adverse health effects." Los Angeles and
other cities switched from chlorination to
ozonation many years ago.56 The US En-
vironmental Protection Agency has been
instrumental in establishing research
guidelines and funding for disinfection
alternatives.6-9 One large-scale pilot study
at a Louisiana water-treatment plant con-
cluded that "ozone appears to be the dis-
infectant of choice because lower concen-
trations of organics were detected during
its use."6 The best combination may be
ozonation with granulated activated char-
coal (or sand) filtration, applied late in the
process.2,10,1' A reverse osmosis treat-
ment "train" is an efficient alternative for
home use.12 [J
P. Antho Chapde , Jr, D, MSPH

Requests for reprints should be sent to P. An-
thony Chapdelaine, Jr, MD, MSPH, Depart-
ment of Family and Preventive Medicine, Me-
harry Medical College, 1005DB Todd Jr Blvd,
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Mons Responds
Dr Chapdelaine raises several impor-

tant points that my colleagues and I did
not fully address in our original study.'
Most of these issues relate to the limita-
tions of available studies on the health ef-
fects of chlorine by-products. These lim-
itations will certainly have an impact on
the interpretation of the results of the
meta-analysis.

First, the failure of the meta-analysis
to find an association between chlorina-
tion by-products and colon cancer seems
somewhat surprising in light of the by-
products' significant association with rec-
tal cancer. To some extent, this may re-
flect the lack of statistical power available
to detect an effect. Table 1 lists results
from a meta-analysis not presented in the
original paper that evaluates the associa-
tion between chlorination by-products
and colon cancer by level of exposure.
These results suggest that a dose-response
relationship may exist for colon cancer,
but, at any level of exposure, the risks are
higher for rectal than colon cancer. This
difference is biologically plausible. The
rectum is exposed to excretory products
at higher concentrations and for longer pe-
riods than the colon. At a given level of
by-products in the tapwater, the rectum is
exposed to higher levels of potential car-
cinogens than is the colon.

Dr Chapdelaine also points out that
the factors that control the quantity and
nature of chlorination by-products in
dring water are not fully accounted for
in the epidemiological studies conducted
to date. Chlorination by-products include
a broad range of compounds, many of
which have not been characterized. The
tendency for regulatory standards and
quantitative exposure assessment to focus

on trihalomethanes may be inappropriate.
The demonstrated, potent mutagenicity of
by-products produced at concentrations
that are orders of magnitude lower than
the levels for trihalomethanes2 raises se-
rious questions about this focus on tri-
halomethanes. It is likely that more than
one of the many compounds produced
during water chlorination may play a role
in carcinogenesis, with the potential for
synergistic effects. Furthermore, physiol-
ogy and pharmacodynamics3 would sug-
gest that different routes of exposure and
different by-products or sets of by-prod-
ucts may be responsible for carcinogene-
sis at different sites. For example, a car-
cinogen must cross more barriers and is
more likely tobe metabolized in someway
if its target is the bladder as opposed to the
rectum. Changes in the nature of the raw
water supply and the precise conditions
and methods for chlorination will have
substantial influence on the nature of the
by-products and the consequent, site-spe-
cific cancer risk.

Dr Chapdelaine expresses concern
that cancer is not the only potential ad-
verse outcome. As he points out, recent
studies have suggested other detrimental
effects from chlorination by-products.
Teratogenic effects shouldbe added to this
list of potential health effects.4

Finally, Dr Chapdelaine suggests that
ozonation should be pursued as an alter-
native to chlorination. Although the avail-
able data support the assertion that ozone
is less likely than chlorine to produce car-
cinogens,5 we should not be overzealous
in rapidly shifting to other means ofwater
disinfection. Most of the alternative meth-
ods of water disinfection (including ozo-
nation) were available when chlorination
of drinking water was first introduced in
the early part of this centuly. Cost, ease of
application, and, perhaps most important,
the residual decontamination associated
with chlorination rapidly made it the
method of choice. Even with identified
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risks, the health benefits of water chlori-
nation far exceed the known health risks.
We should actively pursue alternatives to
chlorination for water disinfection, butwe
must take care not to increase our risk of
infectious diseases in the process. 0

Robert D. Moms, MD, PhD

Requests for reprints should be sent to Robert
D. Morris, MD, PhD, Division of Epidemiol-
ogy, Medical Coliege of Wisconsin, 8701 Wa-
tertown Plank Rd, Milwaukee, WI 53226.

Editors Note. See related erratum (p 1257)
in this issue.
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What Does America's
Public Health Report
Card Reflect?

The project completed by the Amer-
ican Public Health Association (APHA),
Amenca's Public Health Report Card,
has at least two main objectives: (a) to
draw attention to the deteriorating status
of public health across the United States
and (b) to serve as a tool for the state-by-
state assessment, planning, and evalua-
tion of public health activities.1 For the
first objective the report card appears to
have been an unequivocal success. With
respect to the second, however, questions
about methodology raise concerns about
the usefulness of the document.

The report is light on methodological
detail and collapses highly disparate vari-
ables to create rankings. The most notable
result of this procedure is that meaningful
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